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Vertical Passion 

Jean-Pierre Petit 




The Association Knowledge without Borders, founded and chaired by Professor Jean-Pierre 
Petit, astrophysicist, aims at spreading scientific and technical knowledge in as many 
countries as possible and in as many languages as possible. To this end, all his popular 
scientific works, which cover a period of thirty years, and more particularly the illustrated 
albums he has created, are now freely accessible. Anyone is now free to duplicate the present 
file, either in digital form or in the form of printed copies and circulate these copies to 
libraries , wit hin the context of schools or universities or associations whose aims would be 
the same as the association , provided that they do not derive any profit from this circulation 
and that they do not have any political, sectarian or confessional connotations. These pdf files 
may also be put on line in the computer networks of school and university libraries. 



Jean-Pierre Petit intends to create numerous other works which will be accessible to a larger 
audience. Even illiterate people will be able to read them because the written parts will 
“speak” when the readers click on them. Thus it will be possible to use these works to support 
literacy schemes. Other albums will be "bilingual" in so far as it will be possible to switch 
from one language to another selected language with a mere click. Hence another tool made 
available to develop language skills. 

Jean-Pierre Petit was bom in 1937. He made his career in French research. He worked as a 
plasma physicist, he directed a computer science centre, he has created softwares, he has 
published hundreds of articles in scientific magazines, dealing with subjects ranging from 
fluid mechanics to theoretical cosmology. He has published about thirty books which have 
been translated in numerous languages. 

The association can be contacted on the following internet site: 


http://savoir-sans-frontieres.com 



Once upon a time there was a castle in Westphalia which 
belonged to the Baron von Thunder den Trunck. He lived 
there with his wife and his daughter Cunegonde. A youth 
named Candide lived in the castle too. He was the son of 
one of the Baron’s relations and, it seemed, of eighty 
hunters. A philosopher, Master Pangloss, also resided at 
the castle, a lover of Leibnitz's writings which proved 
clearly that there can be no effect without cause and 
that, in the best of all possible worlds, the Baron’s castle 
was the most beautiful of castles and the Baroness the 
best of all possible Baronesses. 





One day young Cunegonde, aged 
seventeen, saw professor Pangloss 
giving a lesson in experimental physics 
to Baroness's chambermaid in a wood 
near the castle.Having a special liking 
for science she observed the many 
experiments that she witnessed.(*) 


She followed clearly the reasoning of the doctor, 
effects and causes, and went home very agitated 
and thoughtful, with a great desire for instruction. 
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On the way back to the castle 
shye met Candide and blushed. 
Candide blushed too. She said 
hello with a hesitant voice. And 
Candide spoke to her without 
knowing what he was saying. 


(*) Extracts for the book "Candide" by Voltaire (1694 -1778) 
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Cunegonde dropped her hand¬ 
kerchief. Candide bent down 
to pick it up. She did the same. 
Their hands touched, their 
knees trembled 




their lips touched, their hands 
wandered. The Baron, passing 
that way, saw this scene, its 
effects and its causes (*). 



The baron chased Candide away, kicking 
him in the backside (*) 



The Baroness told off Cunegonde and shut her up 
in a room at the top of the castle watchtower. 




And everything was upset in the best of all possible castles. 


(*) Extracts for the book "Candide" by Voltaire (1694 -1778) 
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the undersurface 
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STALLING 


Well I won’t be able to free Cunegonde 
with this machine. In fact I wonder if 
this thing has any future at all. 



As there is no effect without cause 
we need to discove ra good reason 
for this sudden loss of lift. 



(*) http://www.savoir-sans-frontieres.com 




Litt p A |p Aerodynamic 




From a certain angle onwards, the fluid waves detach from the profile. 
A regime of very turbulent alternate swirls is established. The drag 
increases greatly and lift diminishes. 



When X looked at the flow map 
corresponding to high incidence, 
I noticed something. 





iwj 


When we project the resultant of the aerodynamic 
force F (exerted at a quarter of the length of the 
chord's profile) we find a componenent which is 
directed towards the REAR PART of the wing's profile 


And that's what made the wings of 
this gentleman's plane fold towards 
the front. ---—— 




In the meantime Cunegonde wrote 
letter after letter to Candide 


but her words were so inflamed that her missives 
burnt up before they reached the ground. 




A balloon? No, that won't 
work. It's almost certain 
I'd miss the tower. 


There doesn't seem 
to be any solution. 


My name is Juan de la Cierva, could you 
indicate some toilets that I may use? 
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Good heavens ! Whatever 
is that machine? 







Goodness! The rotor is 
turning on its own now! 


/And now we’re flying, 
but by what miracle? 



My dearest Cunegonde, who 
must be down there, below ! 





Ah master Pangloss, I flew over the 
castle and the tower where Cunegonde 
is held prisoner. On Mr de la Cierva's 
fantastic flying machine. 



Oh misfortune ! He’s 
taking all his secrets 
with him. What is the 
mysterious force that 
turns the rotor ? 


The explanation is really quite simple: a rotor 
is made to turn. It is therefore possessed of 
a rotative virtue, so it turns. There is no effect 
without a cause. 






The blade is angled 
POSITIVELY in 
relation to the air flow! 


I've rebuilt the rotor of 
Mr de la Cierva, with blades 
inclined MORE than two degrees. 



Plus a vertical air-blower, a calming grid and a smoke emitter. 


I send an ascending air flow 




The rotor isn’t turning. It’s just \ 
creating strong turbulence in its wake./ 



And now it’s turning all on 
its own! I don’t get it. 


It's ... magic !? 





AUTOROTATION 
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When the incidence of the blade is reduced in relation to RELATIVE WIND direction, the flow 
reimpinges (figure C). The aerodynamic force (component f) tends to drag the blade. In D this 
force is cancelled out and then inverted in E. The F component then brakes the blade's movement. 
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Yes I understand my dear Candide, but 
where does this change of direction, 
which you call the RELATIVE WIND, 
come from? 
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The flows varu greatly according to the way the RELATIVE WIND 
attacks the blade. To visualise it I fixed a thin tube onto the blade 
that sent out smoke as it turned. These are the results I obtained. 


Relative 

wind 




Driving zone, called - 
,, autodriven"\ $ 


In A and B the flow has come 'unstuck'. 
The blade created strong turbulence. In 
C the flow is reattached to the profile. 
\ Aerodynamic force tends to pull the 
\\ blade towards the front (driving 
\\ zone, "autorotating", greyed) 


Dragging zone ("propellor" function) 



In E the aerodynamic force, always directed upwards, tends to hold back 
the blade's movement. Figure D shows the limit-situation (f = 0). In this 
regime of AUTOROTATION the shaded part of the blade is driving while 
the end of the blade “drags behind". An AUTOSTABLE regime is established. 


All that was experimented 
in a wind-tunnel by Juan de 
la Cierva 





This gives the rather strange airflow shown above. 








Enough to make the peripheral part 
of the blade turn at a speed which 
will cause the airflow to "reattach". 
Then it becomes "driving" and the 
rotation speed increases. 



The turbulent part of the flow ("dragging") 
diminishes with the Increase in rotation 
speed. A "dragging" part then appears 
towards the end of the blade. 



The rotation speed stabilises when 
the two couples balance each other. 
Then the autorotation regime is 
completely established and the speed 
of descent is minimal. 
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The speed at the end of 
the blades would not have 
been enough for the flow to 
reimpinge on the profile. So 
no driving force. No creation 
of an autorotation regime:the 
model would drop like a stone. 


For a while I thought that this idea might 
have allowed me to help Miss Cunegonde to 
escape, but I think I'd just end up with 
broken bones. 



In short, the autogiro is a distant 
cousin of the kite with a canvas of 
diminishing porosity, from the centre 
to the edge, through which the turbulent 
air passes. 


(*) e pur si muove (Galileo) 
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I could also increase the 
number of blades (*) 



TORQUE 


This time it should work. Contact! 




I've checked: with a motor of 
this power and this rotor, the 
machine can take off. 




I took off Pangloss, I took off but my machine with 
its rotating sails started to turn itself in the opposite 
direction to the rotor. 




What a terrible experience Master. 
I had the impression that my brain 
was revolving inside my head ! 


I 


(*) but all the following applies to 2,3,4,5,6,7,8...blades 







Sheet of thin card 
Free moving rudder 
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Construction of the upper blade which 
makes the machine autostable 


Roll a strip of paper 
around a big pin, add 
a bit of glue so as to 
make a small diameter 
tube. 



Axle of 
5 / 10 ° 
piano wire 


When the helicopter tilts it goes off to 
the side. The effort of the upper blade 
straightens it immediately. Left on its own, 
it goes up swaying from side to side (*) 



Blades in cardboard 


Beads + washers 


Rolled paper tube 


Beads+washers 


g) Clued string tier 


Proportions 
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(*) When I was a child I used this to get rid of the spiders’ webs on the ceiling of the Chateau de 
Thiors, in the Deux-Sevres (France). 
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Candide thought about various solutions. 




Lateral rotors 



invented by the Englishman Cayley, 
continued by the German Focke 


Cogged rotors Ejection of gaz at the 



invented by the Frenchman by the German Fletner, 

Cornu, developed by Piasecki developed by Kaman. The Frenchman Morain 


Yves le Bee has written a book illustrated with fine drawings entitled « la veritable histoire de I'helicoptere, 
de 1486 a 2005", published by Les Editions Jean Ducret S.A. CH-1022 Chavannes-pres-Renens. ISBN 2-8399 
-0100-5. In it you’ll find all the types of helicopter imagined by man. 
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GROUND EFFECT 



At equal power, the force of ascension exerted 
on the fan A is greater when it is running facing 
fan B, which pushes air in the opposite direction, 
than if fan A was runing alone. 



The flow 2 is the same as it would be if fan A v 


(*) The ground effect becomes important when the rotor is at a 



from the ground equal or inferior to half its diameter. 




INCREASING RPM 


K, 


My rotor has a fixed pitch. What value 
to choose? The greater the pitch, a high 
blade angle, the greater the DRAG, which 
brakes the rotation of the blade. 




If, for some reason, my motor loses power, this drag will slow its 
rotation (*). If the speed corresponding to RELATIVE WIND 
diminishes, the stalling will extend along the entire profile. 

If that happens, goodbye machine ! The pitch would 
have to be reduced immediately and the motor 
given full throttle to maintain the same 
regime for the rotor to increase the 
rotation speed. 




(*) A rotor whose motor stopped suddenly would be dangerously slowed within...one second. 





Rotor shaft 


—Era^-" Rotating slider 

Non-rotating 
_T slider 


Articulated "scissors" oblige the 
rotor head A and the rotating slider 
B to turn at the same angular speed. 


With such a system we can vary all the blades 
of a rotor at the same time by acting on the non 
rotating slider, linked via a ball-bearing and a 
rotating slider A, which retransmits the order 
to the blades via levers. 


The Management, 


Scissors 
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OK, so I ve made this flying machine, capable 
of carrying Cunegonde and me. X can go up, 
down or hover as I wish. Just one question left, 
how do I advance? 


So I adapted the same system to the tail rotor, 
antitorque, so as to avoid changes of direction 
when X changed the general pitch, and I added 
a foot control, a pedal, that lets me hover. 


What, I 
can't hear 
anything... 
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Why not add a 
propellor, rudders? 


Hmm, all that 
seems very 
complicated 





That's the flying top, invented by the 
Englishman George Cayley in 1796 




If I could tilt the rotor the machine 
would move horizontally on its own 



thinking of another solution 




Stationary. Translation 




Sliding rotating star 


The pitch of the blades is 
given by the position of the 
rotating star which slides 
on the rotor shaft. 



If I could make it that this star was 
nclined, while still turning, I could 
create this cyclic blade pitch variation 
(*). But how do I link and control all 
this mess !?! 


(*) Invented by the Spaniard Pescara, who introduced the idea of autorotation. 
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The life of a helicopter pilot hangs on a complex mechanical system bringing into play a set of levers of 
this type, cogwheels, ball-bearings. All these elements must be machined to the highest precision. 
Construction and maintenance costs are higher than for a plane. Since the 70s, new materials have been 
used, composites, elastomers and self-lubricating components, which have helped reduce their 
complexity, weight, Construction costs and the maintenance schedule while improving —' 

reliability. But this is outside the scope of this book. 
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The ball-bearing is an important element. 




When the rings are separated 
we can put in a certain number 
of balls. 



39 



I don't want to worry you old friend, 
but your plane, from a mechanical 
point of view, is a joke. 



To make something work straight that is off kilter, 
the solution is a BALL-BEARING 





A few problems remain to be solved before 
we finish this study of the swash plate. First, 
how to fix the rotating star P to the rotor 
head. Are we going to use fragile levers for 
this? 



Second question: How to place the ball bearing 
into its socket on plate B ? 





SWASHPLATE 


Lever attachment 


Control linkage 
attachment 


Rotor shaft 


• Rotor shaft 

Collier de fixation 


Thread 

4 * 


si 


Scissors II 


End plate 


Rotating 

plate 


Non-rotating 

plate 


Scissors I 



Pitch change rods > 
attachment 


Scissors II attachment 


Split Teflon ring 
to allow assembly 
with spherical extension 
(ball) 

Notches for use 
a by a tightening tool 



Spherical 

extension 


Thread for 
the nut 


the mechanics of a helicopter requires 
a veritable treasure of inventions to 
creat modules that are simple, solid, light, 
resistant, and with a few parts as possible 


Control linkage 
attachment 


Scissors I 
attachment 
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Let us return to a more legible schematic description. A control linkage A, made up 
of three bars, is used to raise, lower and tilt a non rotating plate B in all directions 
and is guided by the ball bearing R, which slides freely on the tube Ch, which is solidly 
fixed the helicopter's structure. A first scissor Cl, fixed on the tube Ch, opposes 
all rotational movement by plate B in relation to the helicopter's structure (tube Ch). 
The rotating swashplate P is connected by a ball bearing r to the non-rotating plate B. 
The attitude of plate B is set by the pilot via the control levers A. Plate P transmits 
the order to the blades via the control linkage b. A second scissor CjX, locks together 
the rotor head T and the rotating swashplate P, if it did not the pitch change rods b 
would have to fulfil this role and would break immediately. 
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Now we have to imagine the flight control mechanism 
that will allow me to move the three vertical bars 


And the job 
will be done 









Etc... 

Below, the 
apparent movement 
of one of the control 
linkages 
















Everything is ready this time Pangioss. 

I am just about to free Miss Cunegonde 





Let's go 


But that wasn't n 

the worst... ) Ob , 


What then, 
my dear 
Candide? 


m 



PATAKLONI 

pataklon* 

PAT^Y* 


I thought I had put into practice the best 
of all possible fluid mechanics 


Master, it was terrible. There was so 
much vibration, I feared that my 
machine would break into a thousand 


And do you know what good master? When I pushed the joystick forward.. 




When it moved there was such awful vibration that I thought 
the rotor was going to break and that it was my final hour. 


Extremely irritating. But have \ 

. you not yet been able to find 
( remedies of good sense? j 





I felt that the machine began shaking when I used the pitch cycle variation. It was as if 
an invisible hand had seized the boss of the rotor 



For two diametrically opposed blades, if the pitch of one is 
increased and the pitch of the other decreased, the aerodynamic forces 
are different in intensity and in direction, which explains the bone-shaking 
vibrations. 
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It works Pangloss, it works! The machine 
still shakes but it isn't intolerable. But I 
still can't understand the joystick's 
response Joystick towards the front, it 
moves towards the right. Joystick towards 
the right, the machine rears up and then 
goes backwards? Joystick leftwards, it's 
nose drops and it moves forwards. Joystick 
backwards and it moves to the left 



^ ^ . . - .—. -. f t w ^ 

That means that your machine is obeying your orders 
but putting them into effect at... 90° 
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It incomprehensible but 
it's exactly that. 



I could not sit in a machine whose behaviour was so far from 
being understood, my good master. 



Candide, Candide, there are many things that are familiar to us but whose 
essence escapes us. Let us see: The Sun turns around the Earth but we do 
not know why. We have not understood this abhorrence of emptiness that 
makes mercury climb in a barometer. The sufficient reason for the black 
energy that provokes the reacceleration of our cosmos is still unknown to 
us. Should we then, because of that, abstain from measuring all the phenomena 
that nature offers us? 



5*0 




Cyclic belayed Reaction 
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Pangloss, I think I've understood. When I move the blade downwards while turning on myself 
and making it that the oscillation period that I impose on the blade is the same as the period 
of rotation, because the combination of inertia and its elasticity, it follows the movement with 



In scientific terms it translates the beahviour 
of a second order system. 
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I'm sure you're a terrible swimmer 


Take the elastrotron, not it's bob weight and shake it 
according to its system eigen mode T 




OK. I grab it like this and 
I shake it according to its 
... eigen mode 


Let it drop, dear. We don't want to start 
an argument with this penguin. The book 
is complicated enough already. 


The structure responds also 
... in opposite synch 



Let's transpose to the helicopter. Previously, I shook the 
blades in phase with my rotation movement on myself. In 
flight, it’s the blades that ’shake’ the machine. That is 
why each one needs to have a flapping hinge. 








(*) Because of the problems he encountered during his experiments with his autogiro, the Spaniard de la 
Cierva had to hurriedly introduce a system of "articulated blades plus shock absorbers" or else his rotor 
would have broken. 
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TRANSITION 



The blades of a helicopter are very 
elongated wings which leave tip 
vortices in their wake. 


This useless turbulence 
represents a portion of 
energy 




These vortices are created at the blade's extremity 
which causes water vapour condensation 
(condensation drag) at high altitude. 
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And there you get back to a stationary flight regime by creating 
strong turbulence, therefore using more energy. 




I just need to approach at a good height. People never look 
upwards. Then I'll descend rapidly towards the terrace. 
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INDUCED SPEED 



(*) This relation expresses the conservation of the airflow of a constant volume mass f 
The requires that the section S' be smaller than the section S 


GZ 



Everything that is turbulent represents a loss of energy. 
Flight in translation avoids establishing a turbulent regime. 
So this way of maintaining constant altitude gives a lower 
energy consumption therefore. 


Power necessary for flight 

As 
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Loss of 


Let’s see what this 
animal can do. 



Advancing blade 



Retreating Blade 


lift on the retreating blade 






Either V, the speed at the tip of the blade or v, the helicopters flying speed, 
the relative wind applied on the advancing blade is V + v. That of the receding 
blade is V- v. So the pressure forces exerted on the two blades are very different. 
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The direction of rotation of the rotors is different 
according to country. So for French helicopters the 
advancing blade is on the left whereas it is to the 
right on American machines. But this doesn't change 
anything that has been said. 

The Management 


Candide, I've thought of something. The Baron 
doesn't know anything about your project, nor 
does Miss Cunegonde. How can you make sure that 
she'll be on the tower terrace when you arrive there? 
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You're right Master 
Pangloss. But what 
can I do? 


I'm dining at the castle, I'l 
find a way of telling her 



Ah Master Pangloss, why not tell us a 
beautiful story, full of philosophy which 
will help make our brainless daughter a 
little wiser? 


Ah yes Master, your philosophical 
tales are very popular here 



Once upon a time..,. 







...and then the prince, at the time the church bell rang 
the twelve strokes of midday, climbed onto his magic 
carpet and went to free the princess, who was waiting 
on top of the highest tower in the castle. 





That was a fine story Pangloss but I didn't get all the 
... erm ... all the philosophical implications. 
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In an au+orotation regime a helicopter has a speed of 100 km/h, 
which corresponds to a aerodynamic efficiency of 3. In a vertical 
autorotation regime the falling speed will be 20 m/s and on impact 
all passengers would be killed. To clarify, a man could support an 
impact at 5 m/s, which is equivalent to jumping off a wardrobe. 
An impact at 10 m/s corresponds to a drop from 5 meters. 


I The Management 
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FLARE 


Rotor's motor part (autorotating) 


I’ll have to improvise ... 

O// /m\\ j ~~ 
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At ten meters up Candide pulls the joystick hard and maintains 
the collective pitch at minimum. The machine lifts up its nose and 
the blades are attacked with a stronger relative wind incidence, 
which increases the motor part of the autorotating rotor. It then 
converts the translation's kinetic energy into rotational energy. 
Then he pushed the joystick. 



Then he pulls down the collective pitch lever.. 
The airflow inverts. The rotor then goes from 
an "autogyro” regime to a "helicopter regime". 
By using the ground effect he uses the energy 
stocked by the rotor (*) 



(*) This maneouvre consumes a lot of adrenaline 







Down on one knee, young man. I shall make 
you the Marquis of Helicoland.^ 

From now on you shall 
be my minister of 
all sorts of transport. 












